Introduction: Tc-99m Di-ethylene Tri-amine Penta Acetic Acid (DTPA) renogram is an accepted method to measure Glomerular Filtration Rate (GFR) of the kidneys. The depth and position of ectopic kidneys may vary. This may lead to variation in tissue attenuation and error in the computed GFR and Differential Renal Function (DRF) of each kidney. Objective: The present study was undertaken in patients with ectopic kidneys to improve the accuracy of GFR and DRF calculation in a renogram with single injection of Tc-99m DTPA on a dual head gamma camera. Materials and Method: The study was conducted on 55 patients with ectopic kidneys. Images were acquired on a dual head gamma camera simultaneously in anterior and posterior views. Both anterior and posterior image datasets were used to compute the GFR of the ectopic kidney by Gates method. Depth correction of the ectopic kidney was done using the lateral view image. Total GFR was calculated as the sum of the anterior dataset ectopic kidney GFR and the posterior dataset normal kidney GFR. DRF was calculated again, by using the anterior dataset GFR of the ectopic kidney and posterior dataset for normal kidneys. The total GFR calculated by our method was compared to the patient's eGFR (based on serum creatinine, age and sex). Result: The GFR calculated by anterior data set in the ectopic kidney was significantly higher than that calculated by posterior dataset (p < 0.001). Similarly, the differential GFR of the ectopic kidney was higher when the anterior dataset was used (p < 0.001). The ectopic kidney GFR of 34 (61.8%) of the 55 patients was greater than 35 ml/min, whereas in 21 patients (38.2%), it was less than 35 ml/min. The total GFR calculated by using both anterior and posterior data set was compared with the eGFR; the correlation coefficient was 0.74 in patients with ectopic kidney GFR of >35 ml/min and 0.83 in those with <35ml/min. Conclusion: The GFR of ectopic kidney as calculated from the anterior data set was significantly higher in comparison to the GFR calculated from the posterior data set (p < 0.001). Using the ante-* Corresponding author.
Introduction
DTPA renal scintigraphy is used in assessing the functional status of the kidneys by injecting Tc-99m DTPA and acquiring a dynamic study. Tc-99m DTPA is filtered by the glomerulus with almost no tubular secretion or re-absorption. Conventionally the renal dynamic study is done with patient in the supine position and the camera detector posterior to the patient. Post-acquisition processing is done with the posterior image data set to generate renogram curves and to compute the GFR, DRF and other quantitative parameters. The depth and position of an ectopic kidney can vary and they are usually anterior to the normally positioned kidney. This leads to an underestimation of the quantitative parameters of the ectopic kidneys from the posterior renogram [1] . This study has acquired and processed renogram data in a dual head gamma camera in anterior and posterior views simultaneously and used modified computational methods to improve the accuracy of GFR and DRF estimation in patients with ectopic kidney. GFR of the ectopic kidney has been computed by Gates method with depth correction from the anterior renogram. GFR of the normal kidney has been computed by Gates method from posterior renogram. DRF of the ectopic and normal kidney has been computed using the formulae shown in Equations (1) and (2) . Changes in the GFR and DRF values of the ectopic kidneys and the total GFR in this method are analyzed.
Materials and Method
The study included 55 serial patients with ectopic kidneys referred for a DTPA renogram from January 2007 to December 2012. There were 38 males with a mean age of 40.9 years (range: 7 to 74 years) and 17 females with a mean age of 36.8 years (range: 18 to 64 years). Of the 38 males, 25 had ectopic left kidney and 10 had ectopic right kidney. Of the 17 females7 had ectopic left kidney and nine had ectopic right kidney. Patients with suspected ectopic kidney, crossed fused ectopia and solitary pelvic kidney diagnosed on ultrasound were included in this study. Patients with horse shoe kidney and posteriorly positioned thoracic kidney were excluded.
Renal scintigraphy was performed on a GE Millennium MG dual head gamma camera (Model number H3000ZL, serial Number 51,432, manufacturing date 17 th October 2006) with a Genieac image acquisition system and a Xeleris post processing workstation. Patient preparation included adequate hydration. Patients were imaged in the supine position with both camera detectors positioned close to the patient including the kidneys and bladder in the field of view [2] - [4] . A bolus dose (approximately 0.1 mCi per kg bodyweight) between 5 and 10 mCi (185 and 370 MBq) of Tc-99m DTPA was administered intravenously. Images were acquired simultaneously both by the anterior and posterior detectors in the following time frames: 2 seconds per frame for the first one minute, 30 second per frame for the next four minutes and 60 seconds per frame for the rest of the study. Data was acquired for 20 minutes [4] .
Thus, two sets of images were acquired simultaneously in anterior and posterior views in Genieacq acquisition system with single injection of Tc-99m DTPA. A protocol was developed to process the renogram data sets obtained from the anterior detector. GFR values were computed in Xeleris workstation using the Gate's technique [5] . Renogram analyses were done separately for the two data sets, anterior and posterior.GFR of the ectopic kidney was computed from the anterior data set images by entering the depth of the ectopic kidney measured from the post void lateral images [6] - [8] . GFR of the normal kidney was calculated by the posterior dataset. The GFR of the normal and ectopic kidney were noted down from the posterior and the anterior datasets respectively. Equations (1) and (2) were used to compute the DRF (this method could also be applied if anterior and posterior datasets are acquired separately, as in single head gamma camera).
GFR NK DRF NK GFR NK GFR EK
DRF NK = Differential Renal Function of the normal kidney, DRF EK = Differential Renal Function of the ectopic kidney, GFR NK = GFR of the normal kidney from posterior data set and GFR EK = GFR of the ectopic kidney from anterior data set.
Significance in the increase of GFR and DRF values was analyzed using Student's t test and a p value less than 0.05 was considered statistically significant.
DRF was also computed from the geometric mean of the dataset obtained from anterior and posterior views in the Xerleris workstation [9] - [13] . However this method would require simultaneous acquisition of anterior and posterior images.
A GFR value greater than 35 ml/min as calculated from anterior data set was considered normal for the ectopic kidney (in patients with normal creatinine clearance rate, a total GFR greater than 70 ml/min is considered normal renal functional status for a kidney donor [14] [15] . Difference in absolute GFR (total GFR and ectopic kidney GFR) and DRF as calculated from the anterior data set was analyzed in the following two groups: 1) patients with ectopic kidney GFR greater than 35 ml/min and 2) patients with ectopic kidney GFR less than 35 ml/min. A comparison was made between the total GFR calculated by this method and the eGFR calculated by Cockcroft Gault method in both groups of patients [16] .
Result
Absolute and percent increase in GFR of ectopic kidney, absolute and percent increase in the total GFR and percent increase in DRF of ectopic kidney as calculated from anterior renogram dataset are summarized in Table 1.
GFR of ectopic kidneys calculated by anterior dataset was significantly higher compared to that calculated by posterior dataset (p < 0.002) in all patients. Of the 55 patients studied, 34 (61.8%) showed ectopic kidney GFR greater than 35 ml/minas calculated by anterior renogram ( Table 2) , and 21 patients (38.2%) with values less than 35 ml/min ( Table 3) . Difference and the percent increase in DRF of the ectopic kidneys in these two groups of patients are shown in Tables 4 and 5 respectively.
Increase in absolute GFR and DRF values for patients with GFR of the ectopic kidney > 35 ml/min from anterior data set are summarized in Table 6 . Increase in GFR in these patients (compared to posterior data set GFR calculation) was 24.4 ml/min (SD ± 6.4). Percentage increase in the GFR of the ectopic kidney showed a mean value of 144.0 (SD ± 61.7). Percentage increase in the total GFR showed a mean value of 37.8 (SD ± 10.8). Increase in DRF showed a mean value of 19.5 (SD ± 5.3). Percentage increase in the DRF showed a mean value of 74.9 (SD ± 32.6). A correlation of 0.4 was observed when the total GFR computed by this method was compared with the eGFR in this group.
Increase in GFR and DRF values for patients with GFR of the ectopic kidney < 35 ml/min from anterior data set are summarized in Table 7 . Increase in GFR in these patients (compared to posterior data set GFR calculation) was 15.0 ml/min (SD ± 5.0). Percentage increase in the GFR of the ectopic kidney showed a mean value of 191.7(SD ± 100.0). Percentage increase in the total GFR showed a mean value of 46.1 (SD ± 18.9).Increase in DRF showed a mean value of 23.0 (SD ± 7.8). Percentage increase in the DRF showed a mean value of 116.9 (SD ± 84.2). A correlation of 0.93 was observed when the total GFR computed by this method was compared with the eGFR values in this group. There was a statistically significant increase in the GFR and DRF values as calculated from anterior data setin ectopic kidneys of normal and reduced function (p < 0.03). Of the23 patients with ectopic kidney GFR value less than 35 ml/min, one patient had an obstructive pattern and was lost to follow up. Again, the anterior renogram in three patients with crossed fused ectopic kidneys and three patients with solitary pelvic kidney also showed higher values of GFR from the anterior data sets. Anterior renogram study was missed in five patients with ectopic kidney who were not suspected to have an ectopic kidney before the renogram was done. In another five patients with suspected ectopic kidney, anterior renogram excluded the possibility of ectopic kidney.
Discussion
Numerous methods are available to compute total GFR of kidneys [17] - [23] , some of which involve imaging. Whichever protocol is used, it is imperative that the technique is meticulous and that the protocol is followed correctly [24] - [26] . Multiple blood sample techniques and subsequently single blood sample technique were developed to improve the accuracy of the computed GFR [27] . The Gates method used to compute GFR in scintigraphy does not require blood sampling. Instead, it uses posterior image data set acquired on a gamma camera. The Gates method is most commonly used to compute the GFR in DTPA renogram. In Gates method the percentage renal uptake (%RU) of 99m Tc DTPA is computed first [5] .
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(RK cts = right kidney counts, bkgd = background counts, LK cts = left kidney counts and µ = linear attenuation co-efficient of 99m Tc in soft tissue which is equal to 0.153 and xis kidney depth given by Equations (4)- (6)) Depth of Right Kidney 13.3 y 0.7
Depth of Left Kidney 13.2 y 0.7
where 
The total GFR in ml/min is computed as follows.
( ) ( ) GFR RU 9.8127 6.82519 = ⋅ −
GFR of each kidney is computed by proportionately dividing the total GFR value with the DRF of each kidney that is already computed [9] . From Equations (3) to (7), it is evident that the depth of the kidneys is an important factor in the computation of GFR by Gates method.
Sum of the DRF values for normal kidney from posterior data set and for the ectopic kidney from anterior data set is not equal to 100 percent in all the patients. This pitfall is overcome by computing the DRF values as Table 7 . Increase in GFR and DRF values for patients (n = 21) with GFR of the ectopic kidney < 35 ml/min from anterior data set. shown in Equations (1) and (2) .Anterior and posterior images that are acquired simultaneously are needed to compute the geometric mean images. This is not possible in the single headed gamma camera. Equations (1) and (2) can be applied to the images that are obtained from anterior and posterior images obtained in two separate studies. Hence this method can be applied in studies done in single headed gamma camera. Out of the 55 patients studied, 34 (61.8%) showed a lower GFR value from posterior data set and a normal GFR value from anterior data set, and 21 (38.2%) showed reduced GFR from both datasets. However, in the latter group too, the GFR calculated from the anterior dataset remained higher. Therefore, in 34 patients, calculation of GFR by anterior dataset established normal functional status of the ectopic kidney, which would otherwise have been reported as poorly functioning. Twenty one patients (38.2%) showed GFR values < 35ml/min even from the anterior data set, confirming the poor functional status of the ectopic kidney. The total GFR as calculated by the dual dataset (anterior and posterior) was compared to the eGFR; there was a better correlation in patients with total GFR < 35 ml/min than in the patients with total GFR > 35 ml/min.
Conclusion
There is underestimation of GFR and DRF of an anteriorly placed ectopic kidney in the conventional posterior renogram. Anterior renogram data set provides improved accuracy of GFR estimation of an ectopic kidney. A modified method to compute the DRF using the anterior and posterior renogram datasets also shows higher DRF values for the ectopic kidneys. Renogram analyses done by Gate's method with anterior and posterior datasets improve the accuracy of the GFR and DRF values and help to differentiate a normally functioning ectopic kidney from a poorly functioning one.
